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Pipe-cleaning device 

The present invention relates to a pipe-cleaning 
device comprising a rotatable cutting head for cutting away material on the 
5 interior of a pipe, such as for example tree roots on the interior of a 
sewage pipe. The invention further relates to a cutting head mountable on 
a pipe-cleaning device and a drive for driving the cutting head of a pipe- 
cleaning device. 

From US-A-5,71 3,093 a pipe-cleaning device is 

10 known which comprises a cutting head for cutting away material on the 
interior of a pipe, a body on which the cutting head is rotatably mounted 
and drive means using a pressurised liquid for driving the rotation of the 
cutting head with respect to the body. The cutting head is made up of rigid 
cutting elements extending throughout the diameter of the device and the 

15 body is circumferentially provided with rigid guide runners means for 
supporting the body on the interior of the pipe to be cleaned. 

The pipe-cleaning device known from US-A- 
5,71 3,093 has the disadvantage that it cannot be moved past certain 
obstructions which may occur in the interior of pipes. An example of such 

20 an obstruction is a subsidence of one pipe section with respect to an 
adjacent pipe section, which is for example common in sewage pipes. 
With the prior art device, there is a risk that the device comes to a 
standstill at such obstructions. 

The pipe-cleaning device known from US-A- 

25 5,713,093 further has the disadvantage that the cutting head is unsuitable 
for cutting away large obstructions. 
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Another disadvantage of the pipe-cleaning 
device known from US-A-5,71 3,093 is that the amount of torque which 
can be developed for cutting away material from the interior of the pipe 
remains limited. 

5 It is a first aim of the present invention to 

provide a pipe-cleaning device with which the risk that the device comes 
to a standstill at obstructions can be reduced. This aim is achieved 
according to a first aspect of the invention with the device showing the 
features of the characterising part of claim 1 . 
10 It is a second aim of the present invention to 

provide a cutting head for a pipe-cleaning device with improved cutting 
action. This aim is achieved according to a second aspect of the invention 
with the cutting head showing the technical features of the characterising 
part of claim 6. 

15 It is a third aim of the present invention to 

provide a drive for driving the rotation of a cutting head of a pipe-cleaning 
device with which the developed amount of torque can be increased. This 
aim is achieved according to a third aspect of the invention with the drive 
showing the technical features of the characterising part of claim 12. 

20 According to the first aspect of the invention, 

the pipe-cleaning device comprises a cutting head with collapsible cutting 
elements and a body with collapsible support elements. The collapsible 
cutting elements extend in radial direction of the cutting head and are 
inwardly collapsible with respect to the circumference of the body on 

25 which the cutting head is mounted. The collapsible support elements are 
provided in a plurality of arrays on the body, each array extending over 
substantially the entire length of the body. The collapsible support 
elements are inwardly collapsible with respect to the circumference of the 
body against the action of a resilient member. 

30 The pipe-cleaning device of the invention is 

capable of passing obstructions like for example subsided pipe sections 
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by the collapsibility of the cutting elements on the head and the support 
elements over the whole length of the body. In this way, the diameter of 
the pipe-cleaning device is variable over its entire length. However, it has 
to be made sure that the body of the pipe-cleaning device is sufficiently 
5 supported on the interior of the pipe, even if one or more of the supporting 
elements have collapsed. This is achieved by arranging the supporting 
elements in arrays, so that the obstruction is taken by one supporting 
element after the other, and providing each element with a resilient 
member for counteracting the collapsing, so that after having taken the 

10 obstruction the support element is returned to its original position. In other 
words, the supporting function of one support element is for a short while 
taken over by the other support elements of the array. 

The pipe-cleaning device of the first aspect of 
the invention preferably comprises at least three arrays of at least three 

15 collapsible support elements, the arrays being located at regular locations 
on the circumference of the body. The device may however also be 
provided with any other number of arrays having any other number of 
supporting elements as deemed suitable by the person skilled in the art. 

The collapsible support elements preferably 

20 comprise a wheel which is rotatably mounted on a collapsible arm, which 
is in turn pivotally mounted on the body. The rotation axis of the wheel is 
offset from the pivot axis in longitudinal direction of the body, so that the 
collapsibility of the wheel is enhanced and it can be further ensured that 
the pipe-cleaning device does not come to a standstill at large 

25 obstructions. 

The resilient member is preferably a pull spring. 
The pull spring preferably extends in line with the collapsible arm in 
unloaded state. In this way, the pull force, which occurs when the wheel 
engages an obstruction and collapses and which pulls the arm and the 
30 wheel back to their original positions, is small initially and increases as the 
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wheel collapses further. This helps to ensure that the wheel can collapse 
and is quickly returned to its original position afterwards. 

Preferably, the collapsible support elements at 
the front end of the device, i.e. at the cutting head collapse in rearward 
t> direction whereas the collapsible support elements at the rear end 
collapse in forward direction. This has the advantage that the first support 
element which engages an obstruction always collapses in the opposite 
direction from the direction in which the pipe-cleaning device is moving, so 
that the device can easily be moved both forwards and backwards 
10 substantially without risk that the device comes to a standstill or becomes 
stuck at obstructions. 

According to the second aspect of the 
invention, the cutting head comprises at least one first collapsible cutting 
element which extends radially from a rigid central part. Each of these first 

15 collapsible cutting elements ends in a first cutting block and is provided 
with at least one mass increasing element at an intermediate location 
between the central part and the first cutting block. With a mass 
increasing element is meant that the mass of the collapsible cutting 
element at the intermediate location is higher than in between the 

20 intermediate location and the central part of the cutting head, or in 
between the intermediate location and the outer cutting block. Each 
collapsible cutting element may be provided with one or more mass 
increasing elements, but for the sake of clarity only one mass increasing 
element is used for the explanation below. 

25 By providing the collapsible cutting element with 

the mass increasing element, the kinetic energy of the chain during 
rotation is increased. This has the advantage that, when the outer cutting 
block strikes an object, the cutting element will have less tendency to bend 
or to collapse at the central part. The inertia of the cutting element at the 

30 mass increasing element is increased, so that the bending will occur at the 
mass increasing element. In other words, due to the mass increasing 
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element, the inner part of the collapsible cutting element between the 
central part and the mass increasing element will be disturbed to a lesser 
extent than the outer part between the mass increasing element and the 
outer cutting block. As a result, the cutting element can return more 
5 quickly to its desired fully extended position as a result of centrifugal 
forces, for again striking the object to be removed. This shows that with 
the cutting head of the second aspect of the invention an improved cutting 
action can be achieved. 

Preferably, the mass increasing elements form 
10 second cutting blocks, so that they have a double function: avoiding 
undesired collapsing of the cutting element and providing cutting action at 
a shorter diameter from the outer cutting blocks. This can further enhance 
the cutting action. 

The first collapsible cutting elements preferably 

1 5 comprise a first chain part extending from the first, outer cutting block to 
the mass increasing element or second cutting block, and a second chain 
part extending from the mass increasing element to the central part of the 
cutting head. The weight of the first, outer chain part including the first, 
outer cutting block is preferably smaller than or equal to the weight of the 

20 second, inner chain part including the mass increasing element. In this 
way, the disturbance of the inner chain part when the outer cutting block 
strikes an object is reduced to a minimum. 

The cutting head preferably comprises at least 
one second collapsible cutting element of shorter length at its front. More 

25 particularly, the length of the second collapsible cutting elements, which 
also comprise a chain part ending in a cutting block, is preferably 
substantially equal to that of the inner chain part of the first collapsible 
cutting elements. Providing these shorter collapsible cutting elements at 
the front has the advantage that the load on of the first collapsible cutting 

30 elements is reduced, so that their bending towards the back can be 
reduced. This can further improve the cutting action of the cutting head. 
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Any of the cutting blocks, whether at the end of 
the collapsible cutting elements or at an intermediate location, may be 
provided with a cutting protrusion, which extends towards the front of the 
cutting head, for providing additional cutting action. 
5 According to the third aspect of the invention, 

the drive, which is provided in the pipe-cleaning device for driving its 
cutting head, comprises a stator and a rotor rotatably mounted on the 
stator. The stator has at least one nozzle connected to a supply duct, via 
which a pressurised liquid is supplied, for directing a liquid stream 

10 successively onto a plurality of drive elements of the rotor. The nozzles 
extend substantially within a plane perpendicular to the rotation axis of the 
rotor and is located inwardly from the rotor. 

Since the one or more nozzles of the stator of 
the drive of the invention are provided within the plane in which the rotor 

15 rotates, more particularly on its interior, the rotor is driven by forces which 
are located substantially perpendicular to its rotation axis. As a result, the 
driving forces are directed in the direction in which the drive elements of 
the rotor move during rotation. As a result, the torque which is developed 
by the rotor can be maximised. 

20 Furthermore, by driving the rotor from its inside, 

the drive elements on the rotor can be positioned as far as possible 
towards its circumference, so that the torque arm is prolonged and the 
torque can be further enhanced. 

The drive plane of each drive element of the 

25 rotor is preferably directed such that it receives the liquid stream in a 
substantially perpendicular direction. This means that the drive elements 
are oriented in such a way on the rotor, that the liquid streams hit them in 
a substantially perpendicular direction and as much force as possible is 
transferred to the drive elements. In this way, the torque can be further 

30 enhanced. 
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The drive planes are preferably directed in an 
angle a of 20-70°, more preferably 30-60°, most preferably 40-50°, with 
respect to the circular path along which they travel during operation. The 
nozzles are preferably directed in an angle p of 45-90°, more preferably 
5 60-80° with respect to this circular path. The angles a and p may however 
also be wider or narrower. 

Each drive element of the rotor has a leading 
edge which is rotated first into the liquid stream of the nozzle during 
operation. This leading edge is preferably bevelled in a direction towards 

10 the drive plane of the in rotation direction previous drive element of the 
rotor. This has the advantage that the drive element forms less of an 
obstruction when it is rotated into the liquid stream and also that the liquid 
which is diverted by the previous drive element is less obstructed. In this 
way, the friction losses can be reduced and the torque developed by the 

15 rotor can be further enhanced. Furthermore, the reduced friction leads to 
less wear on the drive elements, so that the life of the drive of the 
invention can be prolonged. 

In order to reduce the pressure loss which 
occurs at the end of the nozzles, where the drive liquid leaves the nozzles 

20 and is urged onto the drive elements, the distance x between the nozzle 
and the leading edge of the drive elements is kept as low as possible. The 
distance x is preferably between 1-5 mm, but may also be shorter or 
longer. 

It is evident that the features of the first, second 
25 and/or third aspects of the invention may be combined in one pipe- 
cleaning device. 

The invention will be further elucidated by 
means of the following description and the appended figures. 

Figure 1 shows a schematic side view of an 
30 embodiment of the pipe-cleaning device of the invention, the collapsible 
cutting element being removed for clarity. 
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Figure 2 shows a schematic cross sectional 
view of the drive and the cutting head of the device of figure 1 . 

Figure 3 shows a front view of a part of a 
collapsible cutting element of the cutting head according to the invention. 
5 Figure 4 shows a schematic cross section of 

the drive according to the invention, taken along the line IV-IV of figure 2. 

The pipe-cleaning device 1 shown in figures is 
provided for cutting away undesired material from the interior of a sewage 
pipe. To this end, the device 1 comprises a cutting head 2, which is 
10 rotatably mounted on a body 111 about a rotation axis 9. The cutting head 
comprises a rigid central part 11 and collapsible cutting elements 21 for 
removing the undesired material. In figure 2, the collapsible cutting 
elements 21 are only partly shown. During operation, the device 1 is 
moved through a pipe, of which the wall W is partly shown, in a forwards 
15 direction Z. 

The device 1 is provided with a drive for 
rotating the cutting head 2. The drive comprises a stator 3 and a rotor 4. 
De stator comprises a supply duct 100 which can be coupled to a supply 
hose (not shown) for supplying a pressurised drive liquid to the device. As 

20 shown in the figures, the supply duct 100 ends in two branches 101 which 
extend in opposite directions and end in nozzles 7 at the circumference of 
the stator 3. The rotor 4 comprises a plurality of drive elements 5 or rotor 
blades, which are movable along a circular path around the circumference 
of the stator 3. Each of these drive elements 5 is provided with a drive 

25 plane 6 facing the stator 3. 

The nozzles 7 of the stator 3 are directed such 
that during operation the liquid, which is supplied via the duct 100 and 
branches 101 to the nozzles 7, forms liquid streams which drive the rotor 
4. The direction of these liquid streams is shown by the arrows P. The 
30 drive elements 5 catch each of the liquid streams successively, so that the 
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rotor 4 is forced to rotate. It is remarked that the liquid streams themselves 
are not shown; only the liquid flow is shown by arrows in the figures. 

The rotor 4 is driven on its interior, namely by 
liquid streams which are generated substantially within its rotation plane V. 
5 In this way, the liquid streams are in an optimal direction for driving the 
rotor 4 and the drive elements 5 of the rotor are located further from the 
rotation axis and as far as possible towards the pipe wall W, so that a high 
torque can be obtained. 

The device 1 is provided with such a number of 

10 drive elements 5, that each of the liquid streams substantially continuously 
contacts a drive element 5. In this way, the liquid streams apply a 
substantially continuous driving force to the rotor 4. The drive elements 5 
are furthermore directed in such a way with respect to each other, that the 
liquid which is diverted by the drive planes 6 can easily flow between 

15 them. In order to reduce their obstruction of the liquid flow, the leading 
edges 8 of the drive elements are bevelled towards the respective 
previous drive element 5, so that the channel which is defined by one 
drive plane 6 and a bevelled leading edge 8 has substantially parallel 
walls. The flow of the liquid from the rotor 4 is further improved in that the 

20 nozzles 7 are directed slightly towards the rear end of the device 1, more 
particularly such that the direction P of the liquid streams forms an angle y 
of 1-20°, more particularly 2-10° with the rotation plane V of the rotor 4. 

The nozzles 7 are provided for directing the 
liquid streams in such directions P onto the drive elements 5, that they 

25 contact the drive planes 6 in a substantially perpendicular direction. To 
this end, the nozzles 7 enclose an angle p of 45-90°, more particularly 60- 
80° with the circular path along which the drive elements 5 rotate during 
operation. The drive planes 6 enclose an angle a of 20-70°, more 
particularly 30-60° or 40-50° with this circular path. In this way, the liquid 

30 streams generated by the stator 3 can impart a large force on the rotor 4, 
so that the developed torque can be maximised. 
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The distance x between the leading edges 8 
and the nozzles 7 is kept as short as possible for avoiding losses as a 
result of pressure drop when the liquid leaves the nozzles 7. To this end, 
the distance x is below 1 cm and preferably 1-5 mm. 
& The operational pressure of the liquid supplied 

to the device 1 of figures 1 and 2 is 50 -100 bar, but may also be higher or 
lower. The flow rate of the liquid is at least 50 I/min. The pressure and the 
flow rate are evidently chosen in function of the desired torque and 
rotation speed of the cutting head 2, which is preferably on the order of 
10 5000 rpm. 

The rigid central part 1 1 of the cutting head 2 of 
figures 1 and 2 is wedge-shaped, for obtaining a cutting action when 
rotated at high speed. This central part 11 may however also have any 
other shape known to the person skilled in the art. The central part 1 1 may 

15 also be removably mounted on the cutting head 2, so that it is 
interchangeable with other central cutting parts. 

On the central part 1 1 , one or more collapsible 
cutting elements 21 are mounted. In figure 2, one collapsible cutting 
element 21 is shown, but there may also be less or more collapsible 

20 cutting elements 21. The collapsible cutting element 21 is a chain which is 
swung out by the rotor 4 during operation, so that it extends radially and 
undesired material which is located in the pipe can be removed by the 
cutting blocks 22 on the chain. These cutting blocks 22 can be provided 
with a cutting protrusion for enhancing the cutting action. This cutting 

25 protrusion extends forwardly from the cutting block 22 and may be carved 
or bevelled for avoiding a resistance build-up, which can be caused by cut 
material piling up at the cutting head 2. 

The chain 21 comprises a plurality of cutting 
blocks 22, one at its end and at least one at an intermediate location 

30 between its and the pivot shaft 106 by which it is fixed to the cutting head 
2. The cutting blocks 22 at the intermediate locations form mass 
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increasing elements, which have a higher weight relative to the chain links 
interconnecting the cutting blocks 22. In this way, the intermediate cutting 
blocks 22 increase the inertia of the chain 21, so that when the outer 
cutting block 22 strikes an object, the chain 21 less disturbed and sooner 
5 returns to its fully extended length. 

The chain parts are preferably constructed such 
that the mass of the chain increased towards the central part 1 1 of the 
cutting head. This means that the chain part including the outer cutting 
block preferably has a weight below or equal to that of an inner chain part 

1 0 including the intermediate cutting block. 

As shown in figure 2, the chain 21 may 
comprise a frontal cutting element of a shorter length, which may be fixed 
to the chain or not. This shorter frontal cutting element has the advantage 
that the rearward deflection of the chain 21 is reduced. 

15 The chain 21 is coupled to the cutting head 2 

by means of pivot links, pivotally mounted on a pivot shaft 106 of the 
central part 11 of the cutting head 2. The central part 11 has a 
circumferential sleeve 108 in which the chain 21 can be rolled up. The 
sleeve 108 extends between two circumferential flanges 104, 109, which 

20 are of such height that the chain 21 can be fully accommodated in the 
sleeve 108 in between them. In this way, the chain 21 is a collapsible 
cutting element, which can collapse into the sleeve 108 for being moved 
past obstacles Q on the interior wall W of the pipe which is cleaned. Such 
an obstacle may for example result from a level difference between 

25 subsequent pipe sections. Once the chain 21 is moved past the obstacle 
Q, the chain 21 is again extended from the sleeve 108 as a result of 
centrifugal forces. 

As is further shown in figure 1, the body 1 1 1 of 
the device 1 comprises support means 112 for supporting the body 111 
30 carrying the cutting head 2 on the pipe wall W. These support means are 
formed by arrays 1 12 of collapsible support elements 30. The device 1 of 
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figure 1 comprises three such arrays 112, of which one is shown. The 
three arrays are provided at regular distances from each other around the 
circumference of the body. Each array 112 comprises five collapsible 
support elements 30. The body may however also comprise any other 
5 number of arrays 112 with any number of collapsible support elements 30 
deemed suitable by the person skilled in the art. 

Each collapsible support element 30 comprises 
a wheel 31, an L-shaped arm 34 and a pull spring 33. The wheels 31 are 
mounted in a plane extending through the central axis H of the device 1 , 

10 so substantially perpendicular to the pipe wall W. Each wheel 31 is 
rotatably mounted on its arm 34. The arm 34 is pivotally mounted on the 
body 1 1 1 and has a pivot axis 113 which is offset from the rotation axis of 
the wheel 31 in longitudinal direction of the device. This offset ensures 
that the support element 30 can collapse, by rotating the wheel 31 away 

1 5 from the pipe wall W when encountering an obstruction Q. For the front 
support elements 30 located at the cutting head 2, the offset is backwards, 
i.e. the rotation axis of the wheel 31 is behind the pivot axis 113. For the 
rear support elements 30, the offset is forwards. In this way, the movability 
of the device 1 in both forwards and backwards direction can be ensured. 

20 The pull spring 33, which extends in line with the L-shaped arm on the 
opposite end of the pivot axis 113 with respect to the end on which the 
wheel 31 is mounted, is provided for pressing the wheel 31 back onto the 
pipe wall W past the obstruction Q. By this construction, the device 1 can 
easily be moved past a narrower part in the pipe, without losing the 

25 support on the pipe wall W: when one support element 30 collapses, its 
supporting function is temporarily taken over by the other support 
elements 30 of the array 112. The resiliency of the springs 33 is 
predetermined, for achieving that the supporting capacity of the whole 
array is sufficient for still supporting the body if at least one support 

30 element 30 is collapsed. 
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The body 111 may further be adjustable, so 
that the distance between the arrays 112 of collapsible support elements 
can be adjusted and the device 1 can be adjusted to the diameter of the 
pipe which is to be cleaned. 
5 The pressurised liquid which is used for driving 

the rotation of the rotor 4 and for propelling the device 1 in forwards 
direction Z through the pipe is preferably water. The device 1 is propelled 
forwards by means of the reaction forces of one or more propulsion jets 
(not shown). Evidently, the forwards propulsion can be achieved with any 
10 other propulsion means known to the person skilled in the art. 



